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TECHNICAL FIELD 

The present Invention relates to: a recording apparatus for recording 
information on a write-once recording medium; a host apparatus included in the 
recording apparatus; a recording method for recording the information on the write- 
once recording medium; an instruction method executed by the host apparatus 
provided in the recording apparatus for recording the information on the write-once 
recording medium; a program for executing a recording procedure; an Integrated 
circuit provided in the recording apparatus for recording the information on the write- 
once recording medium; a reproduction apparatus for reproducing the information 
from the write-once recording medium; a reproduction method for reproducing the 
information from the host apparatus and write-once recording medium included in 
the reproduction apparatus; and a program and a write-once recording medium for 
executing a reproduction procedure. 
BACKGROUND ART 

In recent years, various forms of information recording media have been 
used for recording digital data. Among others, write-once optical dicks are gaining 
wide use although data can be recorded only once, since the cost thereof is 
inexpensive. 

Examples of such optical dicks include CD-R dicks and DVD-R dicks. 
Several methods for incrementally recording data on CD-R dicks or DVD-R dicks 
have been proposed (see, for example. Reference 1). The methods for 
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incrementally recording data may be, for example, a VAT (Virtual Allocation Table) 
method, or a multiborder (multisession) method. 

[0004] Operations for recording/reproducing digital data on/from DVD-R dicks using 

the VAT method or multiborder method will be described. 

[0005] Now, incrementally recording method using VAT will be described below with 

reference to the drawings. Herein, an operation of recording a file and directory tree 
structure shown in Figure 13 on an information recording medium and a data 
structure which is formed as a result thereof when an example of the recording 
information medium is a DVD-R dick will be described in order. 

[0006] First, a format process will be described with reference to Figure 14. Figure 

14 is shows data on a DVD-R dick immediately after the fomiat process is 
performed wherein the DVD-R is an example of a conventional information 
recording medium 10100. 

[0007] A DVD-R dick is an information recording medium defined by the DVD-R 

physical specification. 

[0008] Further, files are recorded by using a volume file structure defined by the 

DVD-R file system specification. The DVD-R file system specification conforms to 
the ISO/I EC 13346 standard or the UDF (Universal Disk Format) specification. The 
description will be made below using the structure defined by the UDF specification. 

[0009] As shown in Figure 14, a data area of the information recording medium 

10100 includes a lead-in area 10101 and a volume space 10109. The volume 
space 10109 includes a volume structure area 10410, a file structure/file area 10420 
and a VAT (Virtual Allocation Table) structure area 10430. 

[0010] In the volume structure area 10410, a volume structure defined by the UDF 

specification is to be recorded. In detail, the volume structure area 10410 includes 
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an NSR descriptor, a primary volume descriptor, an implementation use volume 
descriptor, a partition descriptor, a logical volume descriptor, an unallocated space 
descriptor, a terminating descriptor, a logical volume integrity descriptor and an 
anchor volume descriptor pointer. 

[0011] In the file structure/file area 10420, a file set descriptor 10421 and an FE 

(ROOT) 10422, which Is a file entry of a ROOT directory file, are recorded. The FE 
(ROOT) 10422 is an origin of a directory tree in a partition space. 

[0012] The file entry (hereinafter, referred to as FE) has a data structure defined by 

the UDF specification for managing the location and the size of the files to be 
recorded in the volume space. Herein, in order to simplify the description, the 
ROOT directory file is assumed to be recorded In the FE (ROOT) 10422. 

[0013] In the VAT structure area 10430, a VAT 10431 and a VAT ICB 10432 are 

recorded. The VAT is a data structure defined by the UDF specification for the 
purpose of simplifying a process of updating the file structure in the write-once 
recording medium. 

[0014] When the VAT is used, a recording location of the file structure data such as 

FE in the volume space is specified using virtual address in a virtual address space. 
VAT holds a con-espondence between a logical address, which is a recording 
location in a logical address space on the information recording medium, and the 
virtual address. With such a structure, data can be rewritten virtually even in an 
information recording medium which is not rewritable, such as a DVD-R dick. The 
recording location of the VAT on the information recording medium is specified by 
VAT ICB allocated to a last sector of an area on which data is recorded on the 
information recording medium. 
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[0015] Further, the lead-in area 10101 includes a physical format information area 

10104. In the physical format information area 10104, physical format information is 
recorded for recording management information of various areas allocated to the 
information recording medium 10100. The management information may be, for 
example, address information of a border-out area or the like. Immediately after the 
format process is performed, only an area of the physical fonnat information area 
10104 is secured, and data is not recorded yet in the area. 

[0016] With reference to Figure 15, a procedure for recording directory (Dir-A) and 

data file (File-a) of the file and directory structure shown in Figure 13 will be 
described. 

[0017] When a process of recording the directory (Dir-A) and data file (File-a) on the 

information recording medium 10100 shown in Figure 14 is performed, a data file 
(File-a) 10501, a FE (File-a) 10502, a FE (Dir-A) 10503 and FE (ROOT) 10504 are 
recorded in the file structure /file area 10500 as shown in Figure 15. In this 
example, the directory file is included in the FE (Dir-A) 10503. 

[0018] In the VAT structure area 10520, a VAT 10521, to which the newly-recorded 

FE 10502, FE 10503 and FE 10504 are registered, and a VAT ICB 10522 are 
recorded. 

[0019] When a closing process is performed, first, predetermined data is recorded in 

the border-out area 10530 except for a next border marker 10531. Further, 
predetermined data is recorded in the physical format information area 10104 in the 
lead-in area 10101 which has remained unrecorded after the format process. 

[0020] The closing process is performed so as to allow the information reproduction 

apparatus to search for the latest volume file structure. 
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[0021] When such file recording process and closing process is performed for the 

information recording medium 10100 having the data structure after the format 
process as shown in Figure 14, the data structure as shown in Figure 15 is formed 
in the information recording medium 10100. 

[0022] With reference to Figure 16, a recording procedure for a directory (Dir-B) and 

a data file (File-b) of the file and directory structure shown in Figure 13 will be 
described. 

[0023] Herein, the data file (File-b) 10601 and the file structure related thereto, i.e., a 

file (File-b) 10601, a FE (File-b) 10602, a FE (Dir-B) 10603 and a FE (ROOT) 10604 

are recorded in the file structure /file area 10600. 
[0024] In a VAT structure area 106100, the latest VAT structure, i.e., a VAT 106101 

and a VAT iCB 10602 are recorded. 
[0025] At last, by perfonning the closing process again, predetermined data is 

recorded In a border-out area 106200 except for a next border marker 106201. 

Further, the next border marker 10531 allocated in the border-out area 10530, and a 

border-In area 106300 including the physical fomiat information area 106301 are 

recorded. 

[0026] When such file recording process and closing process are performed for the 

Information recording medium 10100 having the data structure shown in Figure 15, 
the data structure as shown in Figure 16 is formed on the information recording 
medium 10100. 

[0027] As described above, each time the closing process is performed, an area 

Interposed between the lead-in area 10101 or the border-in area of the volume 
space 10109 and the border-out area is formed. Hereinafter, such an area is called 
a bordered area. For example, in Figure 16, there are bordered area #1 10700 and 
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the bordered area #2 10701. The bordered area is a concept similar to a session in 
a CD-R dick. 

[0028] Next, with reference to a flowchart for a reproduction procedure shown in 

Figure 17, a reproduction operation of a file will be described. Herein, an operation 
of reproducing the data file (File-a) 10501 will be described as an example. 

[0029] First, data in the physical fonnat information area 10104 in the lead-in area 

10101 is reproduced, and the physical format information is obtained (step S1 11 01). 

[0030] Next, data of the next border marker Is reproduced (step Sill 02). 

[0031] The physical format infomiation obtained in step S1 1101 (or step S1 11 03) 

includes address information of the border-out area. Since the data of the next 
border marker is recorded at the predetermined location of the border-out area, the 
next border marker is reproduced from the location. 

[0032] For example, in Figure 16, the physical format information area 10104 

includes address information of the border-out area 10530. Further, the physical 
fomnat area 106301 included in the border-in area 106300 includes address 
information of the border-out area 106200. 

[0033] When the next border marker included in physical format information 

obtained in step S1 11 01 (or step S1 1103) has been already recorded, there is a 
newer bordered area. Thus, step S1 1 103 and the following steps are performed. 

[0034] In accordance with the address information of the border-in area included in 

the physical format information obtained in step S1 11 01, information recorded in the 
next border-in area is reproduced (step S1 1103). The address information of the 
border-in area included in the physical format information can also be obtained in 
step S1 1104. From the reproduced border-in area, the physical format information 
is obtained. 
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[0035] On the other hand, when the next border marker reproduced in step S11 102 

remains unrecorded, the current bordered area is the latest one. Thus, step S1 1 104 

and the following steps are performed. 
[0036] When it reaches the latest bordered area, with reference to the latest 

obtained physical format information, an end physical address of the area which is 

accessible is obtained (step S1 1 104). 
[0037] In Figure 16, the end of the bordered area #2 10701 is the end of the 

accessible area. 

[0038] Then, at last, file reproduction is performed as follows. 

[0039] Information recorded in the volume structure area 10410 is reproduced first 

(step S1 1105). The reproduced information (volume structure) includes address 
information of file set descriptor 10421 and partition starting location. When the 
VAT method is employed, a virtual partition map defined by the UDF specification is 
included in the volume structure. Thus, based on the information, it is recognized 
that the VAT stmcture is recorded in the volume space. 

[0040] The VAT ICB 106102 recorded at the end of the accessible area is 

reproduced (step S1 1 1 06). 

[0041] VAT recording location information is obtained from the read out VAT ICBP 

108102, and the VAT 106101 is read out. 

[0042] When a target file and/or management information thereof is managed using 

the virtual address, the VAT 106101 obtained in step S1 1106 is used for making 
reference to the VAT entry to which file entry of the target file and/or directory is 
registered (step S1 1 1 07). 

[0043] A conversion process from the virtual address to the logical address is 

perfomied. Then, with having the file set descriptor 10421 in the file structure/file 
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area 10420 as an origin, the FE (ROOT) 10604 In the file structure/file area 10600, 
ROOT directory Included In the FE (ROOT) 10604, the FE (DIr-A) 10503 in the file 
structure/file area 10500, directory (Dir-A) Included In the FE (DIr-A) 10503 and the 
FE (Flle-a) 10502 are sequentially read out. 

[0044] The recording location of the data file (File-a) 10501 Is obtained from the FE 

(Flle-a) 10502, and the reproduction of the data file (Flle-a) 10501 Is perfomned. 

[0045] A method for incremental recording to the DVD-R dicks using the VAT 

method has been described above. However, the multiborder method is also known 
as an Incremental recording method different from the VAT method. A similar 
method when used in the CD-R dicks Is called a multlsesslon method. 

[0046] In the multiborder method, data Is incrementally recorded with a bordered 

area as a unit, and the volume structure and the file structure are recorded for each 
bordered area. 

[0047] In the multiborder method, a system of updating data using the virtual 

address such as VAT Is not used. When the file structure is updated, the volume 
structure and the file structure are newly generated and re-recorded in a new 
bordered area. 

[0048] Reproduction using the multiborder method detemilnes the latest bordered 

area and reads out the latest volume structure therefrom. 
[0049] Thereafter, a specific file can be reproduced In order by tracing data In 

accordance with the data structure defined by the UDF specification. For example, 

data can be read out with a reproduction procedure similar to that for read-only 

disks like DVD-ROM. 

[0050] Further, when the multiborder/muitlsession method is used, efficient data 

recording using the image data is performed. When all the files which are desired 
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for recording are known, for example, when taking a backup of data, tlie data for all 
files which is desired to be recorded on a hard dick drive and a file including all the 
volume structure and file structure thereof are created. The file is image data. For 
recording the Image data, one bordered area (or a session) is allocated, and the 
Image data is continuously recorded in the area. Since recording is performed 
continuously, and the file structure has been already created, overhead at the time 
of recording becomes small. Thus, recording of the image data can be performed at 
a high speed. 

[0051] Reference 1 : United States Patent No. 5666531 

DISCLOSURE OF THE INVENTION 

[0052] However, in the VAT method described above, information of a file structure 

(FE or directory file) is dispersed and recorded in a plurality of areas of an 
information recording medium. Thus, there is a problem that a large amount of 
process time Is required for tracing a directory structure, accessing and reading out 
data from a particular file (see Reference 1). 

[0053] For example, as described with reference to Figure 17, in order to reproduce 

a data file (File-a) 10501, it is necessary to access and read out data from areas, 
such as a file structure/file area 10420, a file structure/file area 10500, a file 
structure/file area 10600 and a VAT structure area 106100. 

[0054] The present invention is Intended to solve the problems described above. 

The objective of the present invention is to provide: an information recording 
medium capable of accessing a data file at a high speed even when an efficient 
incremental file recording is perfomned by the VAT method; an information recording 
method and an information recording apparatus for recording information on the 
information recording medium; and an information reproducing method and an 
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information reproducing apparatus for reproducing the information recorded on the 
information recording medium. 
[0055] A recording apparatus according to the present invention is a recording 

apparatus for recording Information on a write-once recording medium, the write- 
once recording medium including a disk management information area and a 
volume space, the recording apparatus Including: a host apparatus; and a drive 
apparatus, the host apparatus Including: a first Instruction section for instructing the 
drive apparatus to allocate at least one first track and at least one second track to 
the volume space; a second instruction section for instructing the drive apparatus to 
record a file on the at least one first track; a third instruction section for Instructing 
the drive apparatus to record a file structure on the at least one second track, the file 
structure managing the file; a fourth instruction section for instructing the drive 
apparatus to record a virtual allocation table structure In the volume space, the 
virtual allocation table structure managing a recording location of the file structure; 
and a fifth Instruction section for instructing the drive apparatus to record track 
management Information In the disk management Information area, the track 
management information managing the at least one first track and the at least one 
second track, the drive apparatus including: a head section for allocating the at least 
one first track and the at least one second track to the volume space, recording the 
file on the at least one first track, recording the file structure on the at least one 
second track, recording the virtual allocation table structure in the volume space and 
recording the track management Information in the disk management information 
area; and a control section for controlling the head section so as to allocate the at 
least one first track and the at least one second track to the volume space, record 
the file on the at least one first track, record the file structure on the at least one 
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second track, record the virtual allocation table structure in the volume space and 
record the track management infomiation In the disk management information area, 
thereby the objective described above being achieved. 

[0056] The control section may control the head section so as to record the virtual 

allocation table stmcture in an area subsequent to a last recorded location of the file 
of the at least one first track. 

[0057] The third instruction section may further instruct the drive apparatus to record 

predetermined information on the at least one second track, and the control section 
may control the head section so as to record the predetennined Information of the 
file structure on the at least one second track. 

[0058] A host apparatus according to the present invention is a host apparatus 

included in a recording apparatus for recording information on a write-once 
recording medium, the write-once recording medium including a disk management 
infomiation area and a volume space, the recording apparatus further including: a 
drive apparatus for recording the information on the write-once recording medium, 
the host apparatus including: a first instruction section for instructing the drive 
apparatus to allocate at least one first track and at least one second track to the 
volume space; a second instruction section for instnjcting the drive apparatus to 
record a file on the at least one first track; a third instruction section for instructing 
the drive apparatus to record a file stmcture on the at least one second track, the file 
structure managing the file; a fourth instruction section for instructing the drive 
apparatus to record a virtual allocation table structure in the volume space, the 
virtual allocation table stmcture managing a recording location of the file structure; 
and a fifth instruction section for instructing the drive apparatus to record track 
management information in the disk management information area, the track 
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management information managing the at least one first tracl< and the at least one 
second track, thereby the objective described above being achieved. 

[0059] The third instruction section may further instruct the drive apparatus to record 

predetermined information of the file structure on the at least one second track. 

[0060] A recording method according to the present invention is a recording method 

for recording information on a write-once recording medium, the write-once 
recording medium including a disk management information area and a volume 
space, the recording method including: a first instruction step of instructing to 
allocate at least one first track and at least one second track to the volume space; 
an allocation step of allocating the at least one first track and the at least one 
second track to the volume space; a second instruction step of instructing to record 
a file on the at least one first track; a first recording step of recording the file on the 
at least one first track; a third instruction step of instructing to record a file structure 
on the at least one second track, the file structure managing the file; a second 
recording step of recording the file structure on the at least one second track; a 
fourth instruction section of instructing to record a virtual allocation table structure in 
the volume space, the virtual allocation table structure managing a recording 
location of the file structure; a third recording step of recording the virtual allocation 
table structure in the volume space; a fifth instruction section of instructing to record 
track management infonnation In the disk management information area, the track 
management information managing the at least one first track and the at least one 
second track; and a fourth recording step of recording the track management 
information in the disk management information area, thereby the objective 
described above being achieved. 
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[0061] An instruction metliod according to the present Invention is an instruction 

method executed by a host apparatus Included in a recording apparatus for 
recording information on a write-once recording medium, the write-once recording 
medium Including a disk management information area and a volume space, the 
Instruction method Including: a first instruction step of instructing to allocate at least 
one first track and at least one second track to the volume space; a second 
Instruction step of Instructing to record a file on the at least one first track; a third 
instruction step of instructing to record a file structure on the at least one second 
track, the file structure managing the file; a fourth Instruction step of Instnjcting to 
record a virtual allocation table structure in the volume space, the virtual allocation 
table structure managing a recording location of the file structure; and a fifth 
instruction step of instructing to record track management information in the disk 
management information area, the track management infomiation managing the at 
least one first track and the at least one second track, thereby the objective 
described above being achieved. 

[0062] A program according to the present Invention Is a program for executing a 

recording procedure by a recording apparatus for recording Information on a write- 
once recording medium, the write-once recording medium Including a disk 
management information area and a volume space, the recording procedure 
Including: a first instruction step of Instructing to allocate at least one first track and 
at least one second track to the volume space; an allocation step of allocating the at 
least one first track and the at least one second track to the volume space; a second 
Instruction step of Instructing to record a file on the at least one first track; a first 
recording step of recording the file on the at least one first track; a third instruction 
step of Instructing to record a file structure on the at least one second track, the file 

49288.3800 13 
Attorney Docket 

1891046.1 



structure managing the file; a second recording step of recording the file structure 
on the at least one second track; a fourth instruction step of instructing to record a 
virtual allocation table structure in the volume space, the virtual allocation table 
structure managing a recording location of the file structure; a third recording step of 
recording the virtual allocation table structure in the volume space; a fifth instruction 
step of Instructing to record track management information in the disk management 
information area, the track management information managing the at least one first 
track and the at least one second track; and a fourth recording step of recording the 
track management information in the disk management information area, thereby 
the objective described above being achieved. 
[0063] A program according to the present invention is a program for executing an 

instruction procedure by a host apparatus included in a recording apparatus for 
recording information on a write-once recording medium, the write-once recording 
medium including a disk management infonnation area and a volume space, the 
instruction procedure including: a first instruction step of instructing to allocate at 
least one first track and at least one second track to the volume space; a second 
instruction step of instmcting to record a file on the at least one first track; a third 
instruction step of instructing to record a file structure on the at least one second 
track, the file structure managing the file; a fourth instruction step of instructing to 
record a virtual allocation table structure in the volume space, the virtual allocation 
table structure managing a recording location of the file structure; and a fifth 
instruction step of instructing to record track management information in the disk 
management information area, the track management information managing the at 
least one first track and the at least one second track, thereby the objective 
described above being achieved. 
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[0064] An integrated circuit according to the present invention is an integrated circuit 

included in a recording apparatus for recording Information on a write-once 
recording medium, the write-once recording medium Including a disk management 
Information area and a volume space, the recording apparatus further including: a 
drive apparatus for recording the information on the write-once recording medium, 
the Integrated circuit including: a first Instruction section for instructing the drive 
apparatus to allocate at least one first track and at least one second track to the 
volume space; a second instruction section for Instructing the drive apparatus to 
record a file on the at least one first track; a third Instruction section for instructing 
the drive apparatus to record a file structure on the at least one second track, the file 
structure managing the file; a fourth instruction section for Instructing the drive 
apparatus to record a virtual allocation table structure In the volume space, the 
virtual allocation table structure managing a recording location of the file structure; 
and a fifth Instruction section for instructing the drive apparatus to record track 
management Information In the disk management Information area, the track 
management Information managing the at least one first track and the at least one 
second track, thereby the objective described above being achieved. 

[0065] A reproduction apparatus according to the present Invention is a reproduction 

apparatus for reproducing Information from a write-once recording medium, the 
write-once recording medium including a disk management information area and a 
volume space, at least one first track and at least one second track being allocated 
to the volume space, a file being recorded on the at least one first track, a file 
structure which manages the file being recorded on the at least one second track, a 
virtual allocation table structure which manages a recording location of the file 
structure being recorded in the volume space, and track management information 
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which manages the at least one first track and the at least one second track being 
recorded in the disk management information area, the reproduction apparatus 
including: a host apparatus; and a drive apparatus, the host apparatus including a 
first instruction section for instructing the drive apparatus to reproduce the track 
management Information from the disk management information area; a second 
instruction section for instructing the drive apparatus to reproduce the virtual 
allocation table structure from the volume space based on the track management 
information; a third instruction section for instructing the drive apparatus to 
reproduce the file structure from the at least one second track; and a fourth 
instruction section for instructing the drive apparatus to reproduce the file from the at 
least one first track, the drive apparatus including a head section for reproducing the 
track management information from the disk management information area, 
reproducing the virtual allocation table structure from the volume space, reproducing 
the file structure from the at least one second track and reproducing the file from the 
at least one first track; and a control section for controlling the head section so as to 
reproduce the track management information from the disk management information 
area, reproduce the virtual allocation table structure from the volume space, 
reproduce the file structure from the at least one second track and reproduce the file 
from the at least one first track, thereby the objective described above being 
achieved. 

[0066] The virtual allocation table structure may be recorded in an area subsequent 

to a last recorded location of the file of the at least one first track; and the second 
instruction section may instruct the drive apparatus to reproduce the virtual 
allocation table structure from the area subsequent to the last recorded location of 
the file. 
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[0067] Predetermined information of the file structure may be further recorded on the 

at least one second track, and the third instruction section may instruct the drive 
apparatus to reproduce the predetermined information from the at least one second 
track. 

[0068] A host apparatus according to the present invention is a host apparatus 

included in a reproduction apparatus for reproducing information from a write-once 
recording medium, the write-once recording medium including a disk management 
information area and a volume space, at least one first track and at least one 
second track being allocated to the volume space, a file being recorded on the at 
least one first track, a file structure which manages the file being recorded on the at 
least one second track, a virtual allocation table structure which manages a 
recording location of the file stnjcture being recorded in the volume space, and track 
management information which manages the at least one first track and the at least 
one second track being recorded in the disk management information area, the 
reproduction apparatus further including: a drive apparatus for reproducing the 
information from the write-once recording apparatus, the host apparatus including, a 
first instruction section for instructing the drive apparatus to reproduce the track 
management information from the disk management information area; a second 
instruction section for instructing the drive apparatus to reproduce the virtual 
allocation table structure from the volume space based on the track management 
information; a third instruction section for instructing the drive apparatus to 
reproduce the file structure from the at least one second track; and a fourth section 
for instructing the drive apparatus to reproduce the file from the at least one first 
track, thereby the objective described above being achieved. 
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[0069] Predetermined information of tlie file structure may be further recorded on tiie 

at least one second track, and the third instruction section may instruct the drive 
apparatus to reproduce the predetermined information from the at least one second 
track. 

[0070] A reproduction method according to the present invention is reproduction 

method for reproducing infomnation from a write-once recording medium, the write- 
once recording medium including a disk management information area and a 
volume space, at least one first track and at least one second track being allocated 
to the volume space, a file being recorded on the at least one first track, a file 
structure which manages the file being recorded on the at least one second track, a 
virtual allocation table structure which manages a recording location of the file 
structure being recorded in the volume space, and track management information 
which manages the at least one first track and the at least one second track being 
recorded in the disk management information area, the reproduction method 
including: a first instruction step of instructing to reproduce the track management 
information from the disk management information area; a first reproduction step of 
reproducing the track management information from the disk management 
information area; a second instruction step of instructing to reproduce the virtual 
allocation table structure from the volume space based on the track management 
information; a second reproduction step of reproducing the virtual allocation table 
structure from the volume space; a third instruction step of instructing to reproduce 
the file structure from the at least one second track; a third reproduction step of 
reproducing the file structure from the at least one second track; a fourth instruction 
step of instructing to reproduce the file from the at least one first track; and a fourth 
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reproduction step of reproducing tlie file from the at least one first track, thereby the 
objective described above being achieved. 

[0071] An instruction method according to the present invention is an instruction 

method executed by a host apparatus included In a reproduction apparatus for 
reproducing information from a write-once recording medium, the write-once 
recording medium including a disk management information area and a volume 
space, at least one first track and at least one second track being allocated to the 
volume space, a file being recorded on the at least one first track, a file structure 
which manages the file being recorded on the at least one second track, a virtual 
allocation table structure which manages a recording location of the file structure 
being recorded In the volume space, and track management information which 
manages the at least one first track and the at least one second track being 
recorded in the disk management information area, the instruction method Including: 
a first instruction step of instructing to reproduce the track management information 
from the disk management information area; a second Instruction step of Instructing 
to reproduce the virtual allocation table structure from the volume space based on 
the track management information; a third instruction step of instructing to 
reproduce the file structure from the at least one second track; and a fourth step of 
instructing to reproduce the file from the at least one first track, thereby the objective 
described above being achieved. 

[0072] A program according to the present invention is a program for executing a 

reproduction procedure by a reproduction apparatus for reproducing information 
from a write-once recording medium, the write-once recording medium including a 
disk management information area and a volume space, at least one first track and 
at least one second track being allocated to the volume space, a file being recorded 
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on the at least one first track, a file structure which manages the file being recorded 
on the at least one second track, a virtual allocation table structure which manages 
a recording location of the file structure being recorded in the volume space, and 
track management information which manages the at least one first track and the at 
least one second track being recorded in the disk management information area, the 
reproduction procedure Including: a first instruction step of instructing to reproduce 
the track management information from the disk management information area; a 
first reproduction step of reproducing the track management information from the 
disk management information area; a second instruction step of Instructing to 
reproduce the virtual allocation table structure from the volume space based on the 
track management information; a second reproduction step of reproducing the 
virtual allocation table structure from the volume space; a third instruction step of 
instructing to reproduce the file structure from the at least one second track; a third 
reproduction step of reproducing the file structure from the at least one second 
track; a fourth instruction step of instructing to reproduce the file from the at least 
one first track; a fourth reproduction step of reproducing the file from the at least one 
first track, thereby the objective described above being achieved. 
[0073] A program according to the present invention is a program for executing an 

instruction procedure by a host apparatus included in a reproduction apparatus for 
reproducing information from a write-once recording medium, the write-once 
recording medium including a disk management information area and a volume 
space, at least one first track and at least one second track being allocated to the 
volume space, a file being recorded on the at least one first track, a file structure 
which manages the file being recorded on the at least one second track, a virtual 
allocation table structure which manages a recording location of the file structure 
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being recorded in the volume space, and track management information which 
manages the at least one first track and the at least one second track being 
recorded in the disk management information area, the instruction procedure 
including: a first instruction step of instructing to reproduce the track management 
information from the disk management information area; a second instruction step of 
instructing to reproduce the virtual allocation table structure from the volume space 
based on the track management Infomnation; a third instruction step of instructing to 
reproduce the file structure from the at least one second track; and a fourth step of 
instructing to reproduce the file from the at least one first track, thereby the objective 
described above being achieved. 
[0074] An integrated circuit according to the present invention is an integrated circuit 

included in a reproduction apparatus for reproducing information from a write-once 
recording medium, the write-once recording medium including a disk management 
information area and a volume space, at least one first track and at least one 
second track being allocated to the volume space, a file being recorded on the at 
least one first track, a file structure which manages the file being recorded on the at 
least one second track, a virtual allocation table structure which manages a 
recording location of the file structure being recorded In the volume space, and track 
management information which manages the at least one first track and the at least 
one second track being recorded in the disk management information area, the 
reproduction apparatus further including: a drive apparatus for reproducing the 
information from the write-once recording medium, the integrated circuit including a 
first instruction section for instructing the drive apparatus to reproduce the track 
management information from the disk management information area; a second 
instruction section for instructing the drive apparatus to reproduce the virtual 
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allocation table structure from the volume space based on the track management 
Information; a third instruction section for instructing the drive apparatus to 
reproduce the file structure from the at least one second track; and a fourth section 
for instructing the drive apparatus to reproduce the file from the at least one first 
track, thereby the objective described above being achieved. 

A write-once recording medium according to the present invention is a write- 
once recording medium structured so as to record infonnation thereon, the write- 
once recording medium including: a disk management information area; and a 
volume space, the volume space is structured such that the at least one first track 
and the at least one second track are allocated to the volume space; the at least 
one first track is structured so such that a file is recorded on the at least one first 
track; the at least one second track is structured so such that a file structure which 
manages the file is recorded on the at least one second track; the volume space is 
structured such that a virtual allocation table structure which manages a recording 
location of the file structure is recorded on the volume space; and the disk 
management information area is structured such that track management information 
which manages the at least one first track and the at least one second track is 
recorded in the disk management infonnation area, thereby the objective described 
above being achieved. 

According to the present invention, tracks are allocated to a volume space, 
and a file structure is recorded on a particular track. Therefore, it is possible to 
reduce the amount of access frequency, thereby a high speed access to the file 
structure being realized. 
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[0077] According to the present invention, it is possible to improve tlie reliability of 

an information recording medium by performing a recording of duplication of the file 
structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0078] Figure 1A is a view showing an appearance of a write-once recording 

medium 100 according to Embodiment 1 of the present invention. 
[0079] Figure 1B is a view showing an example of a data structure of data recorded 

on the write-one recording medium 100 according to Embodiment 1 of the present 

invention. 

[0080] Figure 1C is a view showing a diagram showing the detail of a user area 108. 

[0081] Figure 2A is a view showing a data structure of the session management 

information 200. 

[0082] Figure 2B is a view showing a data structure of one of the plurality of track 

management information 210. 
[0083] Figure 3 is a view showing an example of a data structure of the write-once 

recording medium 100. 

[0084] Figure 4 is a view showing another example of a data structure of the write- 

once recording medium 100. 

[0085] Figure 5 is a view showing another example of a data structure of the write- 

once recording medium 100. 

[0086] Figure 6 is a view showing another example of a data structure of the write- 

once recording medium 100. 

[0087] Figure 7 is a view showing an information recording/reproduction apparatus 

300 according to the embodiment of the present invention. 
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[0088] Figure 8 is a flowchart showing a format procedure according to the 

embodiment of the present invention. 
[0089] Figure 9 is a flowchart showing a recording procedure according to the 

embodiment of the present Invention. 
[0090] Figure 10 is a flowchart showing a reproduction procedure according to 

Embodiment 1 of the present invention. 
[0091] Figure 11 is a view showing an example of a data structure of the write-once 

recording medium 100. 

[0092] Figure 12 Is a view showing another example of a data structure of the write- 

once recording medium 100. 

[0093] Figure 13 is a view showing a file and directory tree structure. 

[0094] Figure 14 is a view showing data on a DVD-R dick immediately after a format 

process is performed wherein the DVD-R dick Is an example of a conventional 
Information recording medium 10100. 

[0095] Figure 15 Is a view for describing a procedure of recording a directory (Dir-A) 

and a data file (File-a) of a file and directory stmcture. 

[0096] Figure 16 is a view for describing a recording procedure for a directory (Dir-B) 

and a data file (File-b) of the file and directory structure. 

[0097] Figure 17 is a flowchart showing a reproduction procedure. 

[0098] 100 infonnatlon recording medium 

[0099] 101 lead-in area 

[00100] 102 data area 

[001 01] 103 lead-out area 

[001 02] 104 first disk management Information area 

[00103] 105 second disk management Information area 
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[00104] 300 recording/reproduction apparatus 

[00105] 301 system control section 

[001 06] 302 first memory circuit 

[00107] 303 I/O bus 

[00108] 304 magnetic dick apparatus 

[001 09] 305 host apparatus 

[001 10] 31 0 drive apparatus 

[001 1 1 ] 31 1 drive control section 

[001 12] 31 2 second memory circuit 

[00113] 313 internal bus 

[001 14] 314 recording/reproduction section 

BEST MODE FOR CARRYING OUT THE INVENTION 
[00115] Hereinafter, embodiments of the present invention will be described with 

reference to the accompanying drawings. 
[00116] 1. Embodiment 1 

[001 1 7] 1 -1 . Write-once recording medium 

[00118] Figure 1 shows a write-once recording medium 100 according to 

Embodiment 1 of the present invention. 

[00119] Figure 1A shows an appearance of the write-once recording medium 100 

according to Embodiment 1 of the present invention. In the write-once recording 
medium 100, a lead-in area 101 is allocated in an inner-most periphery of the write- 
once recording medium 100, a lead-out area 103 is allocated in an outer-most 
periphery of the write-one recording medium 100, and a data area 102 is allocated 
between the lead-in area 101 and the lead-out area 103. The lead-in area 101, the 
data area 102 and the lead-out area 103 are concentric. 
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[00120] In the lead-in area 101, for example, reference information necessary for an 

optical pickup to access the write-once recording medium 100, and information for 
Identifying between the write-one recording medium 100 and other write-once 
recording media are recorded. In the lead-out area 103, information similar to that 
in the lead-in area 101 is recorded. 

[00121] The data area 102 is separated into sectors, i.e., the smallest units for 

access. Data is recorded or reproduced with ECC blocks (or, ECC clusters) 
including a plurality of sectors as the smallest units. 

[00122] Figure IB shows an example of a data structure of data recorded on the 

write-one recording medium according to Embodiment 1 of the present invention. In 
Figure 1B, the lead-in area 101, the data area 102 and the lead-out area 103 are 
shown in the lateral direction in the figure. 

[00123] The lead-in area 101 includes a first disk management information area 104. 

The lead-out area 103 includes a second disk management information area 105. 
Disk management information (e.g., replacement information, session management 
information, track management information and unrecorded area management 
information) is recorded in each of the first management information area 104 and 
the second disk management information area 105. The replacement information 
includes, for example, information of original location before replacement indicating 
a location of an original location to be replaced (defective sector (or defective ECC 
block) and information of replacing location indicating a location after replacement. 
The track management information will be described later in detail. 

[00124] The data area 102 includes an inner spare area 106, an outer spare area 107 

and a user area 108. When there is a defective area in the user area 108, at least 
portions of the inner spare area 106 and the outer spare area 107 are used to 
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replace the defective area. For example, when there is a defective sector in the user 
area 108, at least portions of the inner spare area 106 and the outer spare area 107 
are used as replacement sectors. In the at least some portions of the inner spare 
area 106 and the outer spare area 107, information related to the information 
recorded in the user area 108 is recorded. 

[00125] In at least one of the inner spare area 106 and the outer spare area 107, an 

additional disk management information area may be provided. In the additional 
disk management information area, disk management information is recorded. 

[00126] Figure 1C shows the detail of the user area 108. At least one session (e.g., 

session #1 and session #2) is allocated to the user area 108. The at least one 
session Is managed by making reference to session management information. At 
least one track is allocated to each of the at least one session. For example, track 
#1 and track #2 are allocated to the session #1, and track #3 and track #4 are 
allocated to the session #2. The start location and the last recorded area of each of 
the at least one track are managed by making reference to track management 
information. 

[00127] Management of user data to be recorded in the user area 108 is performed 

by making reference to a file system. A space to be managed by making reference 
to the file system is called a volume space 109. 

[00128] In the description to be made below, a volume/file structure making up the 

file system is defined, for example, by ISO/IEC13346 standard or UDF (Universal 
Disk Format) specification. 

[00129] Figure 2 shows a data structure of information to be recorded in the disk 

management information area (see Figure IB). Disk management information is 
recorded in the disk management infomnation area. The disk management 
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information includes replacement infomiatlon, session management information 
200, track management information 210 and unrecorded area management 
information 220. 

[00130] Figure 2A shows a data structure of the session management Information 

200. The session management information 200 includes header information 201 
and a plurality of track management information (track management information #1 , 
#2, #3, #4). The header information 201 Includes an identifier for the session 
management information 200 and infonnation 202 Indicating the number of the 
plurality of track management infonnation 210. The header information 201 
includes, for example, infonnation indicating a track number of a recordable track 
(recordable track numbers 203, 204). The information indicating the track number 
of the track having a state where data cannot be recorded (i.e., non-recordable track 
or closed track) for some reason (e.g., because there Is no unrecorded area or due 
to an instruction from a user) is not included in the header information 201. 

[00131] The plurality of track management information (track management 

information #1, #2, #3, #4) correspond to a plurality of tracks (tracks #1, #2, #3, #4) 
(see Figure 1C), respectively. 

[00132] Figure 2B shows a data structure of one of the plurality of track management 

information 210. The track management information 210 includes: session start 
information 211 Indicating whether a corresponding track is a leading track of the 
session; track start location information 212 indicating a start location of the track; 
and last recorded address Information 213 indicating a location at which data has 
been receded last within the track. 

[00133] If a track managed by the track management Information 210 is located at a 

leading position of the session, information having a value indicating such (e.g., "1") 

49288.3800 28 
Attorney Docket 

1891046.1 



is set to the session start information 211. If a tracl< managed by the track 
management Information Is not located at a leading position of the session, 
information having a different value (e.g., "0") is set to the session start information 
211. 

[00134] The track start location information 212 is, for example, a physical address 

showing a start location of a corresponding track. 

[00135] The last recorded address Information 213 is, for example, a last recorded 

physical address indicating a location at which data has been recorded last in the 
corresponding track. It is possible to recognize an empty area on the Information 
recording medium 100 by checking the recordable track number and the last 
receded address information 213. 

[00136] In the present embodiment, it is possible to record data for each track. The 

data recording Is performed from a leading position of each of a plurality of tracks. 
The data is continuously allocated within the track. Once the data has been 
recorded, the last recorded address information 213 is updated to indicate the last 
recorded address. 

[00137] When the data recording is performed next time, the latest value of the last 

recorded address Information 213 is checked. As a result, it Is possible to recognize 
the next recording start location. In general, the next recording start location is a 
physical sector which is next to the physical sector indicated by the last recorded 
address information 213. Alternatively, when the data recording is made as a 
minimum unit of ECC block with respect to the information recording medium 100, 
the next recording start location may be within an ECC block which is next to the 
ECC block including the physical sector indicated by the last recorded address 
information 213. 
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[00138] Figure 3 shows an example of a data structure of the write-once recording 

medium 100. In Figure 3, the same reference numbers are denoted to the areas 
which have been described with reference to Figure 1, and the description thereof 
will be omitted. 

[001 39] Track #1 401 and track #2 402 are allocated to the volume space 1 09. 

[00140] The track #1 401 includes: a volume structure area 410 where a volume 

structure Is recorded; a first file structure area 420 where a file structure is recorded; 
a first VAT structure area 430 where a VAT structure is recorded; and an 
unrecorded area 450. When a format procedure is performed, the volume stnjcture 
is recorded in the. volume structure area 410, the file structure (e.g., file set 
descriptor 421, FE (ROOT) 442) is recorded in the first file structure area 420 and 
the VAT structure (e.g., VAT 431, VAT ICB 432) is recorded in the first VAT 
structure area 430. The format procedure will be described later in detail. 

[00141] The VAT structure (virtual allocation table structure) includes a VAT (virtual 

allocation table) and a VAT ICB. The VAT structure manages a recording location 
of the file structure. The VAT is defined by the UDF specification for the purpose of 
simplifying a process of updating process the file structure in the write-once 
recording medium. The VAT holds a correspondence between a logical address, 
which is a recording location in a logical address space on the information recording 
medium, and the virtual address. When the VAT is used, a recording location of the 
file structure data such as FE in the volume space is specified using virtual address 
in a virtual address space. The recording location of the VAT is specified by VAT 
ICB to be allocated to a last sector of an area in which data has been recorded. 

[00142] With the VAT structure, data can be rewritten virtually even on an information 

recording medium which is not rewritable, such as a DVD-R disk. 
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[00143] The boundary between the first VAT structure area 430 and the unrecorded 

area 450 is a last recorded address 440. Information indicating the last recorded 
address 440 Is recorded as track management information in the first disk 
management information area 104. 

[00144] The track #2 402 includes an unrecorded area 460. When a recording 

procedure for a data file is performed, the data file is recorded in the unrecorded 
area 460, and a file structure which manages the recorded data file is recorded in 
the unrecorded area 450. The recording procedure for the data file will be described 
later in detail. 

[00145] The boundary between the unrecorded area 450 and the unrecorded area 

460 is a last recorded address 441. Information indicating the last recorded address 
441 is recorded as track management information in the first disk management 
information area 104. 

[00146] Figure 4 shows another example of a data structure of the write-once 

recording medium 100. In Figure 4, the same reference numbers are denoted to the 
areas which have been described with reference to Figures 1 and 3, and the 
description thereof will be omitted. Further, in Figure 4, the same reference 
numbers are denoted to the information and data which have been described with 
reference to Figures 1 and 3, and the description thereof will be omitted. The write- 
once recording medium 100 having the data structure, which will be described with 
reference to Figure 4, is created by performing a recording procedure for files 
(specifically, first data file (File-a) 510) for the write-one recording medium 100 
having the data structure, which has been described with reference to Figure 3. 

[00147] The track #1 401 further includes a second file stmcture area 500 where a file 

structure is recorded. When the recording procedure for the first data file (File-a) 
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510 is performed, the file structure (e.g., FE (File-a) 501, FE (Dir-A) 502 and FE 
(ROOT) 503 indicating a recording location of the first data file (File-a) 510) is 
recorded in the second file structure area 500. 

[00148] The boundary between the second file structure area 500 and the unrecorded 

area 450 is a last recorded address 530. Information indicating the last recorded 
address 530 is recorded as track management information in the first disl< 
management information area 104. 

[00149] The track #2 402 further includes the first data file (File-a) 510 and a second 

VAT structure area 520. When the recording procedure for the first data file (File-a) 
510 is performed, the first data file (File-a) 510 is recorded in the unrecorded area 
460, a file structure (FE (File-a) 501, FE (Dir-A) 502 and FE (ROOT) 503) which 
manages the first data file (File-a) 510 is recorded in the second file structure area 
500, and VAT 521 and VAT ICB 522 are recorded in the second VAT structure area 
520. 

[00150] The boundary between the second VAT structure area 520 and the 

unrecorded area 460 is a last recorded address 531. Information indicating the last 
recorded address 531 is recorded as track management information in the first disk 
management information area 104. 

[00151] Figure 5 shows another example of a data structure of the write-once 

recording medium 100. In Figure 5, the same reference numbers are denoted to the 
areas which have been described with reference to Figures 1, 3 and 4, and the 
description thereof will be omitted. Further, in Figure 5, the same reference 
numbers are denoted to the information and data which have been described with 
reference to Figures 1, 3 and 4, and the description thereof will be omitted. The 
write-once recording medium 100 having the data structure, which will be described 
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with reference to Figure 5, Is created by performing the recording procedure for files 
for the write-one recording medium 100 having the data structure, which has been 
described with reference to Figure 4 and rewriting the first data file (File-a) 510 into 
the second data file (File-a) 610. 
[00152] The track #1 401 further includes a third file structure area 600 where a file 

structure is recorded. When a recording procedure for the second data file (Flle-a) 
610 is perfomied, a file structure (e.g., FE (File-a) 601 indicating a recording 
location of the second data file (File-a) 610) is recorded in the third file structure 
area 600. 

[00153] The boundary between the third structure area 600 and the unrecorded area 

450 is a last recorded address 630. Information indicating the last recorded address 
630 Is recorded as track management information in the first disk management 
infonnatlon area 104. 

[00154] The track #2 402 further Includes the second data file (Flle-a) 610 and a third 

VAT structure area 620. When the recording procedure for the second data file 
(Flle-a) 610 is performed, the second data file (File-a) 610 is recorded in the 
unrecorded area 460, a file structure (FE (File-a) 601 which manages the second 
data file (File-a) 610 is recorded in the third file structure area 600, and VAT 621 
and VAT ICB 622 are recorded in the third VAT structure area 620. 

[00155] The boundary between the third VAT structure area 620 and the unrecorded 

area 460 Is a last recorded address 631. Information indicating the last recorded 
address 631 is recorded as track management information in the first disk 
management Information area 104. 

[00156] As described with reference to Figure 5, when the recording procedure for 

files is performed on the write-once recording medium 100, It Is possible to 
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incrementally record files on the write-once recording medium 100. Files are 
incrementally recorded in accordance with the recording procedure for files and 
then, it becomes impossible to record a file structure in the track #1 401 since there 
is no unrecorded area 450 left. In the case where there is no unrecorded area 450 
left, by allocating a new track to the unrecorded area 460, it is possible to record a 
file and a file stmcture. 

[00157] Figure 6 shows another example of a data structure of the write-once 

recording medium 100. In Figure 6, the same reference numbers are denoted to the 
areas which have been described with reference to Figures 1, 3, 4 and 5, and the 
description thereof will be omitted. Further, in Figure 6, the same reference 
numbers are denoted to the information and data which have been described with 
reference to Figures 1, 3, 4 and 5, and the description thereof will be omitted. The 
write-once recording medium 100 having the data structure, which will be described 
with reference to Figure 6, is created by allocating track #3 810 and track #4 811 to 
the unrecorded area 460 of the write-one recording medium 100 having the data 
structure, which has been described with reference to Figure 5 and perfomning the 
recording procedure for the third data file (File-b) 820. 

[00158] The volume space 109 includes the track #1 401, the track #2 402, the track 

#3 810 and the track #4 811. 

[00159] The track #1 401 does not include an unrecorded area. The reason for this is 

that a file structure and a VAT structure area are allocated to the entire track #1 401. 
The boundary between the track #1 401 and the track #2 402 is a last recorded 
address 800. Information indicating the last recorded address 800 is recorded as 
track management information in the first disk management information area 104. 
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[00160] The track #2 402 does not include an unrecorded area. The reason for this is 

that the track #2 402 is closed due to allocation of the track #3 810. The boundary 
between the track #2 402 and the track #3 810 is a last recorded address 801. 
Information indicating the last recorded address 801 is recorded as track 
management information in the first disk management information area 104. 

[00161] The track #3 810 includes: a fourth file structure area 830 where a file 

structure is recorded; and an unrecorded area 861. When a recording procedure for 
the third data file (File-b) 820 is perfomned, a file structure (e.g., FE (File-b) 831, FE 
(Dir-B) 832 and FE (ROOT) 833 indicating a recording location of the third data file 
(File-b) 820) is recorded in the fourth file structure area 830. 

[00162] The boundary between the fourth structure area 830 and the unrecorded 

area 861 is a last recorded address 850. Information indicating the last recorded 
address 850 is recorded as track management information in the first disk 
management information area 104. 

[001 63] The track #4 811 further includes the third data file (File-b) 820, a fourth VAT 

structure area 840 and an unrecorded area 460. When the recording procedure for 
the third data file (File-b) 820 is performed, the third data file (File-b) 820 is recorded 
in the track #4 811, a file structure (FE (File-b) 831) which manages the third data 
file (File-b) 820 is recorded in the fourth file structure area 830, and VAT 841 and 
VAT ICB 842 are recorded in the fourth VAT structure area 840. 

[00164] The boundary between the fourth VAT structure area 840 and the unrecorded 

area 460 is a last recorded address 851. Infomrtation indicating the last recorded 
address 851 is recorded as track management information in the first disk 
management information area 104. 
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[00165] A closing procedure may be performed for the write-once recording medium 

100 having the data structure shown in Figure 6. Furthermore, when an additional 
recording of further files is prohibited from being performed on the write-once 
recording medium 100 having the data structure recorded thereon shown In Figure 
6, a lead-out area may be allocated to the unrecorded area 460. 

[00166] 1-2. Information recording/reproduction apparatus 

[00167] Figure 7 shows an information recording/reproduction apparatus 300 

according to the embodiment of the present invention. The information 
recording/reproduction apparatus 300 includes a host apparatus 305 and a drive 
apparatus 310. The host apparatus 305 may be, for example, a computer system or 
a personal computer. The information recording/reproduction apparatus 300 
functions as one of a recording apparatus, a reproduction apparatus and a 
recording/reproduction apparatus. 

[00168] The host apparatus 305 includes a system control section 301, a first 

memory circuit 302, a magnetic dick apparatus 304 and an I/O bus 303. Data is 
transferred between the host apparatus 305 and the write-once recording medium 
100 via the drive apparatus 310. 

[00169] The system control section 301 controls the first memory circuit 302 and the 

magnetic disk apparatus 304. For example, the system control section 301 controls 
the first memory circuit 302 such that the first memory circuit 302 transfers data to 
both the magnetic disk apparatus 304 and the drive apparatus 310. 

[00170] The system control section includes a microprocessor which includes a 

memory for computation and performs a system control program. For example, the 
system control section 301 performs recording/reproduction of a volume 
structure/file structure of a file system, recording/reproduction of a VAT structure, 
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recording/reproduction of a file and recording/reproduction of data for a lead-in/lead- 
out area. 

[00171] For example, the system control section 301 instructs the drive apparatus 

310 to allocate a plurality of tracks to the volume space 109. Further, the system 
control section 301 instructs the drive apparatus 310 to record a file on one of the 
plurality of tracks. Furthermore, the system control section 301 instructs the drive 
apparatus 310 to record a file structure, which manages the file, one of the plurality 
of tracks. Yet further, the system control section 301 instructs the drive apparatus 
310 to record a virtual allocation table structure, which manages a recording location 
of the file structure, on the volume space 109. Yet further, the system control 
section 301 instructs the drive apparatus 310 to record track management 
information, which manages the plurality of tracks, on a first disk management 
information area 104. 

[00172] IVIoreover, for example, the system control section 301 Instructs the drive 

apparatus 310 to reproduce the track management information, which manages the 
plurality of tracks, from the disk management information area. Further, the system 
control section 301 instructs the drive apparatus 310 to reproduce the virtual 
allocation table structure from the volume space 109, based on the track 
management information. Furthermore, the system control section 301 instructs the 
drive apparatus 310 to reproduce the file structure from the one of the plurality of 
tracks. Yet further, the system control section 301 instructs the drive apparatus 310 
to reproduce the file from the one of the plurality of tracks. 

[00173] The first memory circuit 302 is used to compute or temporarily store the 

volume structure, the file structure, the VAT structure and the file. 
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[00174] The drive apparatus 310 includes a drive control section 311, a second 

memory circuit 312, an internal bus 313 and a recording/reproduction section 314. 
The recording/reproduction section 314 may be, for example, a head section. The 
drive apparatus 310 is structured so as to be able to mount the write-once recording 
medium 100 thereon. The drive apparatus 310 transfers data between the drive 
apparatus 310 and the write-once recording medium 100. 

[00175] The drive control section 311 includes a microprocessor which Includes a 

memory for computation and performs a drive control program. The drive control 
section 311 perfomns a controlling for the process on recording/reproduction of data 
for the dick management information area and the spare area, pseudo overwrite 
recording/reproduction; and performs a computation. The drive, control section 311 
controls the second memory circuit 312 and the recording/reproduction section 314. 
For example, the drive control section 311 controls the second memory circuit 312 
and the recording/reproduction section 314 such that the second memory circuit 312 
and the recording/reproduction section 314 record information on the write-once 
recording medium 100 and further, the second memory circuit 312 and the 
recording/reproduction section 314 reproduce the information from the write-once 
recording medium 100. 

[00176] The system control section 301 and the drive control section 311 may be 

realized an integrated circuit such as an LSI. Alternatively, they can be realized by 
a general processor and a memory (e.g., ROM). In the memory (e.g., ROM), a 
program executable by a computer (e.g., general processor) is stored. This 
program represents a format procedure, a recording procedure for files, a closing 
procedure and a reproduction procedure according to the present invention. The 
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computer (e.g., general computer) executes these procedures in accordance with 

this program. 
[00177] 1-3. Recording procedure 

[001 78] 1 -3-1 . Format procedure 

[00179] Figure 8 show a format procedure according to the embodiment of the 

present invention. When the recording/reproduction apparatus 300, which has been 
described with reference to Figure 7, performs the format procedure, the 
recording/reproduction apparatus 300 can create the write-once recording medium 
100 having the data structure shown in Figure 3. 

[00180] Hereinafter, the format procedure according to the embodiment of the 

present invention will be described step by step with reference to Figures 3, 7 and 8. 

[00181] Step S101: The system control section 301 of the host apparatus 305 

instructs the drive apparatus 310 to allocate tracks to the user area 108. The drive 
apparatus 310 allocates the tracks to the user area 108. 

[00182] Specifically, the system control section 301 instructs the allocation of track #1 

401 and track #2 402. The drive apparatus 310 controls the head section 314 so as 
to allocate the track #1 401 and the track #2 402 to the user area 108. 

[00183] Step SI 02: The system control section 301 creates a volume structure in the 

first memory circuit 302 and instructs the drive apparatus 310 to record the created 
volume structure in the volume structure area 410. The drive apparatus 310 records 
the volume structure, which has been transferred from the first memory circuit 302, 
in the volume structure area 41 0. 

[00184] The volume structure conforms to the VAT method defined by the ISO/IEC 

13346 standard and the UDF specification. The volume structure includes, for 
example a descriptor for holding management information of the volume space 109. 

49288.3800 39 
Attorney Docket 

1891046.1 



[00185] Step S103: The system control section 301 creates a file structure in the first 

memory circuit 302 and instructs the drive apparatus 310 to record the created file 
structure in the file structure area 420. The file structure includes a file set 
descriptor 421, a ROOT directory and FE (ROOT) 422 which manages the ROOT 
directory. 

[00186] The drive apparatus 310 records the file structure, which has been 

transferred from the first memory circuit 302, in the file structure area 420. 

[00187] Step S104: The system control section 301 creates a VAT structure in the 

first memory circuit 302 and instructs the drive apparatus 310 to record the created 
VAT structure in the first VAT structure area 430. The VAT structure includes VAT 
431 and VAT ICB 432. 

[00188] The drive apparatus 310 records the VAT structure, which has been 

transferred from the first memory circuit 302, in the first VAT structure area 430. 

[00189] After the VAT structure is recorded in the first VAT structure area 430, the 

process is completed. 

[00190] It is preferable that the leading location of the track (e.g., track #1 401) where 

the file structure is recorded con-esponds to the ECC block and the length of the 
track where the file structure is recorded has a length of integer multiplication of the 
ECC block. The reason for this is that a recording unit of data and a logical 
structure are unique and thus, it is possible to perfomn an efficient data access. 

[00191] 1-3-2. Recording procedure for files 

[00192] Figure 9 shows a recording procedure for files according to the embodiment 

of the present invention. When the recording/reproduction apparatus 300, which 
has been described with reference to Figure 7, performs the recording procedure for 
files, a file is recorded on the write-once recording medium 100 having the data 

49288.3800 40 
Attorney Docket 

1891046.1 



structure shown in Figure 3 and tlien, the write-once recording medium 100 having 
the data structure shown in Figure 4 is created. 
[00193] Hereinafter, the recording procedure for files according to the embodiment of 

the present invention will be described step by step with reference to Figures 3, 4, 7 
and 9. 

[00194] Step S201: The system control section 301 of the host apparatus 305 

prepares recording data. 

[00195] Specifically, the system control section 301 reads out a first data file (File-a) 

510, which is stored in the magnetic disk apparatus 304, from the magnetic disk 
apparatus 304 and transfers the first data file (File-a) 510 to the first memory circuit 
302. Further, the system control section 301 creates a directory file (Dir-A), FE 
(File-a) 501 and FE (Dir-A) 502 in the first memory circuit 302. Furthermore, the 
system control section 301 further creates an updated FE (ROOT) 503 in the first 
memory circuit 302 since the contents of the ROOT directory are updated in 
accordance with the addition of the directory file (Dir-A). 

[00196] Step S202: The system control section 301 instructs the drive apparatus 310 

to record the first data file (File-a) 510 on the track #2 402. 

[00197] The drive apparatus 310 controls the head section 314 so as to record the 

first data file (File-a) 510, which has been transferred from the first memory circuit 
302, on the track #2 402. 

[00198] Step S203: The system control section 301 instructs the drive apparatus 310 

to record the file structure (FE (File-a) 501, FE (Dir-A) 502, FE (ROOT) 503) on the 
track #2 402. 



49288.3800 41 
Attorney Docket 

1891046.1 



[001 99] The drive apparatus 310 controls the head section 314 so as to record the file 

structure, which has been transferred from the first memory circuit 302, on the track 
#2 402. 

[00200] Step S204: The system control section 301 creates a VAT structure in the 

first memory circuit 302 and instructs the drive apparatus 310 to record the created 
VAT structure In second VAT structure area 520. The VAT structure includes VAT 
521 and the VAT ICB 522. 

[00201] The drive apparatus 310 controls the head section 314 so as to record the 

VAT structure, which has been transferred from the first memory circuit 302, at a 
location immediately after the recording location of the first data file (File-a) 510. 
The VAT ICB 522 is stored in accordance with a definition (of UDF specification) 
that is arranged at the rearmost recording location of the write-one recording 
medium 100. 

[00202] Step S205: The drive apparatus 310 controls the head section 314 so as to 

record the track management information in the first disk management information 
area 104. 

[00203] The system control section 301 may instruct the drive apparatus 310 to 

record information indicating the last recorded address 531 as track management 
information in the first disk management information area 104. 

[00204] After the track management information is recorded, the process is 

completed. 

[00205] With reference to Figures 3, 4, 7 and 9, the recording procedure for files 

according to the embodiment of the present invention has been described. 

[00206] When the recording/reproduction apparatus 300 performs the recording 

procedure for files, the second data file (File-a) is recorded on the write-once 
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recording medium 100 having the data structure shown In Figure 4 and then, the 
write-once recording medium 100 having the data structure shown in Figure 5 is 
created. 

[00207] 1-4. Reproduction procedure 

[00208] Figure 10 show a reproduction procedure according to Embodiment 1 of the 

present invention. 

[00209] Hereinafter, the reproduction procedure according to Embodiment 1 of the 

present invention will be described step by step with reference to Figures 2, 4, 7 and 
10. 

[00210] When the steps which will be described below are performed, the 

recording/reproduction apparatus 300 reproduces the first data file (Flle-a) 510 from 
the write-once recording medium 100 having the data structure which has been 
described with reference to Figure 4. 

[00211] Step S211: The system control section 301 of the host apparatus 305 

instructs the drive apparatus 310 to reproduce the track management information 
recorded in the first disk management information area 104 in order to obtain 
information indicating the last recorded address 531. The drive apparatus 310 
controls the head section 314 so as to reproduce the track management 
information. 

[00212] Step S212: The system control section 301 instmcts the drive apparatus 310 

to reproduce the VAT ICB 522 based on the information of the last recorded 
address 531, which has been obtained from the reproduced track management 
information. The drive apparatus 310 controls the head section 314 so as to 
reproduce the VAT ICB 522. Further, the drive apparatus 310 controls the head 
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section 314 so as to reproduce the information of ttie recording location of the VAT 
521 based on the reproduced VAT ICB 522. 

[00213] Step S213: The system control section 301 makes reference to the VAT 521 

and instructs the drive apparatus 310 to reproduce the second file structure 500 and 
the first data file (File-a) 51 0. 

[00214] The drive apparatus 310 controls the head section 314 so as to reproduce 

the second file structure 500 and the first data file (Flle-a) 510. 

[00215] Specifically, when a target file and/or management Information thereof is 

managed using a virtual address, then the VAT 521 Is referred to, and a conversion 
from the virtual address to a logical address is performed. With the file set 
descriptor 421 as an origin, the FE (ROOT) 503, the ROOT directory included in the 
FE (ROOT) 503, the FE (Dir-A) 502, the directory (Dir-A) included in FE (Dir-A) 502 
and the FE (File-a) 501 are sequentially read out. 

[00216] Step S214: The system control section 301 instructs the drive apparatus 310 

to reproduce the first data file (File-a) 510. A recording location of the first data file 
(File-a) 510 is obtained from the FE (File-a) 501. The drive apparatus controls the 
head section 314 so as to reproduce the first data file (File-a) 510. 

[0021 7] After the first data file (File-a) 51 0 is reproduced, the process is completed. 

[00218] Since the track where the file structure is recorded is recognized, data may 

be continuously read out and stored in the first memory circuit 302 and then, a data 
structure may be analyzed. As a result, it is possible to perform an efficient data 
access a high speed. 

[00219] In order to perform the reproduction procedure more easily, information 

indicating the type of data, which is recorded in a corresponding track, may be 
added to the track management information 210. For example, in accordance with 

49288.3800 44 
Attorney Docket 

1891046.1 



the instruction from the system control section 301, an Identifier or flag indicating if 
the track is a tracl< for recording the file structure may be recorded. As a result, it is 
possible to perform an efficient data access by the drive apparatus 310. 
[00220] 2. Embodiment 2 

[00221] Figure 11 is an example of a data structure of the write-once recording 

medium 100. In Figure 11, the same reference numbers are denoted to the areas 
which have been described with reference to Figures 1, 3, 4, 5 and 6, and the 
description thereof will be omitted. Further, in Figure 11, the same reference 
numbers are denoted to the information and data which have been described with 
reference to Figures 1, 3, 4, 5 and 6, and the description thereof will be omitted. 

[00222] According to Embodiment 2 of the present invention, in the write-once 

recording medium 100, a track Is allocated for each file structure (FE and directory 
file (data Including FID which Is defined by the UDF specification). 

[00223] Track #1 1001, track #2 1002 and track #3 1003 are allocated to the volume 

space 109. 

[00224] The track #1 1001 includes: a volume structure area 410 where a volume 

structure Is recorded; a first file structure area 420 where a file structure Is recorded; 
a first VAT structure area 430 where a VAT structure is recorded; a file structure 
area 700 where a file structure (FE) Is recorded; and an unrecorded area. When the 
recording procedure (see "1-3-2. Recording procedure for files") of the file (first data 
file (File-a) 510 and second data file (File-a) 610) is performed, then the volume 
structure is recorded In the volume structure area 410, the file structure (file set 
descriptor 421 and FE (ROOT) 422) is recorded In the first file structure area 420, 
the VAT structure (VAT 431 and VAT ICB 432) is recorded in the first VAT structure 
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area 430, and the file structure (FE (File-a) 501. FE (Dir-A) 502, FE (File-b) 831, FE 
(Dir-B) 832) is recorded in tlie file structure area 700. 
[00225] The boundary between the file structure area 700 and the unrecorded area is 

a last recorded address 900. Information indicating the last recorded address 900 is 
recorded as track management infomnation in the first disk management information 
area 104. 

[00226] The track #2 1002 includes a file structure area 710 where a file structure 

(directory) is recorded and an unrecorded area. When the recording procedure (see 
"1-3-2. Recording procedure for files") of the file (first data file (File-a) 510 and 
second data file (File-a) 610) is performed, then a file structure (directory (Dir-A) 
1200 and directory (Dir-B) 1201) is recorded in the file structure area 710. 

[00227] The boundary between the file structure area 710 and the unrecorded area is 

a last recorded address 901. Information indicating the last recorded address 901 is 
recorded as track management infomnation in the first disk management information 
area 104. 

[00228] The track #3 1003 includes a first data file (File-a) 510, a second VAT 

structure area 520, a second data file (File-a) 610, a third VAT structure area 620 
and an unrecorded area. When the recording procedure (see "1-3-2. Recording 
procedure for files") of the file (first data file (File-a) 510 and second data file (File-a) 
610) is performed, then the first data file (File-a) 510 is recorded in the track #3, and 
VAT 521 and VAT ICB 522 are recorded in the second VAT structure area 520. 
Further, the second data file (File-a) 610 is recorded in the track #3 1003, and the 
VAT 621 and the VAT ICB 622 are recorded in the third VAT structure area 620. In 
the write-once recording medium 100 having the data stmcture shown in Figure 11, 
the VAT 621 and the VAT ICB 622 are the latest VAT structure. 
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[00229] The boundary between the third VAT structure area 620 and the unrecorded 

area is a last recorded address 902. Infomnation indicating the last recorded 
address 902 is recorded as track management information in the first disk 
management information area 104. 

[00230] According to Embodiment 2 of the present invention, it is possible to perform 

an efficient access when reading out particular Information (e.g., only FE) among 
the file structures recorded on the write-once recording medium 100. Especially, In 
the case of a VAT method, the FEs are address-managed by the VATs, which is 
advantageous in realizing the VAT method. 

[00231] Tracks may be allocated in view of a directory tree. For example, a directory 

tree, which records data for a particular application (e.g., TV program recording) is 
determined and then a file or a directory under a predetermined directory may be 
allocated to a track. As a result, it is possible perform an efficient data access. 

[00232] 3. Embodiments 

[00233] Figure 12 is another example of a data structure of the write-once recording 

medium 100. In Figure 12, the same reference numbers are denoted to the areas 
which have been described with reference to Figures 1, 3 and 4, and the description 
thereof will be omitted. Further, in Figure 12, the same reference numbers are 
denoted to the information and data which have been described with reference to 
Figures 1, 3 and 4, and the description thereof will be omitted. 

[00234] According to Embodiment 3 of the present invention, the same file structure 

is recorded in a plurality of tracks of the write-once recording medium 100. 

[00235] Track #1 2001, track #2 2002 and track #3 2003 are allocated to the volume 

space 109. 
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[00236] The track #1 2001 includes: a volume structure area 410 where a volume 

structure is recorded; a first file structure area 420 where a file structure is recorded; 
a first VAT structure area 430 where a VAT structure is recorded; a second file 
structure area 500 where a file structure is recorded; and an unrecorded area. 
When the format procedure (see "1-3-1 . Format procedure") of the file (first data file 
(File-a) 510 and second data file (File-a) 610) is performed, then the volume 
structure is recorded in the volume structure area 410, the file structure (file set 
descriptor 421 and FE (ROOT) 422) is recorded in the first file structure area 420, 
the VAT structure (VAT 431 and VAT ICB 432) is recorded in the first VAT structure 
area 430, and the file structure (e.g., FE (File-a) 501), FE (Dir-A) 502, FE (ROOT) 
503 indicating a recording location of the first data file (File-a) 510) is recorded in the 
second file structure area 500. 

[00237] The boundary between the second file structure area 500 and the unrecorded 

area is a last recorded address 910. Information indicating the last recorded 
address 910 is recorded as track management information in the first disk 
management information area 104. 

[00238] The track #2 2002 includes: a volume structure area 411 where a volume 

structure is recorded; a file structure area 470 where a file structure is recorded; a 
VAT structure area 480 where a VAT structure is recorded; a file structure area 490 
where a file structure is recorded; and an unrecorded area. This can be realized 
when the system control section 301 instructs the drive apparatus 310 to record 
duplication of the file structures and the duplication of the VAT structure, which were 
recorded in the track #1 2001, on the track #2 after the format procedure (see "1-3- 
1. Format procedure") of the recording procedure for files (first data file (File-a) 510 
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and second data file (File-a) 610) (see "1-3-2. Recording procedure for files") is 
performed. 

[00239] Duplication of the volume structure is recorded in the volume structure area 

411, the duplication (file set descriptor 471 and FE (ROOT) 472) of the file structure 
(file set descriptor 421 and FE (ROOT) 422) is recorded in the file structure area 
470, the duplication (VAT 481 and VAT ICB 482) of the VAT structure (VAT 431 and 
VAT ICB 432) is recorded in the VAT structure area 480, and the duplication (FE 
(File-a) 491, FE (Dir-A) 492, FE (ROOT) 493 indicating a recording location of the 
first data file (File-a) 510) of the file structure (FE (File-a) 501, FE (Dir-A) 502, FE 
(ROOT) 503 indicating a recording location of the first data file (File-a) 510) is 
recorded In the file structure area 490. 

[00240] The drive apparatus 310 which is instructed to perform a recording on the 

track #1 2001 may automatically record the duplication of data (volume stmcture, 
file stmcture, VAT stmcture) on the track #2 2002. Each time the drive apparatus 
310 is instmcted to perform recording on the track #1 2001, the drive apparatus 310 
may automatically record the duplication on the track #2 2002. When the drive 
apparatus 310 is instructed by the system control section 301 to record the 
duplication, the drive apparatus 310 may record the duplication on the track #1 
2001. 

[00241] The boundary between the file structure area 490 and the unrecorded area is 

a last recorded address 911. Information indicating the last recorded address 911 is 
recorded as track management infomnation in the first disk management information 
area 104. 

[00242] The track #3 2003 includes a first data file (File-a) 510, a second VAT 

structure area 520 and an unrecorded area. When the recording procedure for the 
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first data file (File-a) 510 is performed, tlien the first data file (File-a) 510 recorded in 
the unrecorded area, the file structure (FE (File-a) 501, FE (Dir-A) 502, FE (ROOT) 
503) which manages the first data file (File-a) 510 is recorded in the second file 
structure area 500, and the VAT 521 and the VAT ICB 522 are recorded in the 
second VAT structure area 520. 

[00243] The boundary between the second VAT structure area 520 and the 

unrecorded area Is a last recorded address 912. Information Indicating the last 
recorded address 912 is recorded as track management information in the first disk 
management Information area 104. 

[00244] When the reproduction procedure (see "1-4. Reproduction procedure") is 

perfomned, it Is possible to reproduce data recorded in the track #1 2001. However, 
when it is not possible to reproduce the data from the track #1 2001 (e.g., when 
there is a scratch on the track #1 2001), data may be reproduced from the track #2 
2002. Accordingly, it Is possible to use the data in the track #2 2002 as a backup for 
the data in the track #1 2001. As a result, the reliability of the write-once recording 
medium 100 is Improved. 

[00245] A file structure to be recorded in the track #2 2002 can be that as recorded in 

the track #1 2001. However, in such a case, a logical address for a file structure 
area and a logical address which is practically recorded are different from each 
other. In this case, when data Is reproduced by utilizing the file structure to be 
recorded on the track #2 2002, conversion of the address may be performed. When 
the file structure is recorded In the track #2 2002, there is no need for performing an 
address conversion at the time of reproduction if the directory tree is maintained and 
only the logical address is converted and recorded. 
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[00246] Embodiment 3 according to the present Invention only describes one latest 

VAT structure. For improving the reliability of the write-once recording medium 100, 
duplication of the VAT structure Itself may be recorded. In this case, a VAT 
structure for the file structure to be recorded In the track #2 may be recorded, for 
example, at a location immediately before the second VAT structure area 520. The 
entire file structure to be recorded in the track #2 2002 may be regarded as an 
extended attribute file of VAT ICB. As a result, high compatibility with the UDF 
specification can be achieved. 

[00247] Relationship Information between tracks may be recorded as additional 

information in the track management information 210. As a result, it is possible to 
easily detemiine that duplication of data recorded in a predetermined track is 
recorded in a different track. For example, additional information indicating that 
infomriatlon recorded in the track #2 2002 is duplication of infomiation recorded in 
the track #1 2001 may be recorded in the track management information, which 
manages the information recorded in the track #1 2001. Alternatively, additional 
information indicating that information recorded in the track #2 2002 Is duplication of 
information recorded in the track #1 2001, may be recorded in the track 
management infonnatlon, which manages the Information recorded In the track #2 
2002. 

INDUSTRIAL APPLICABILITY 
[00248] According to the present invention, tracks are allocated to a volume space, 

and a file structure Is recorded on a particular track. Therefore, it is possible to 
reduce the amount of access frequency, thereby a high speed access to the file 
structure being realized. 
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[00249] Further, according to the present invention, it is possible to improve the 

reliability of an information recording medium by performing a recording of 
duplication of the file structure. 
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